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Manual/auto/semi-auto mode
Ray Burst Sampling Algorithm

v | o Extraction of 3-D Structure of Neuron

Extracted,
Neuran ¥

Stackfvl m‘ég és

Auto, Semi-Auto and Manual Extraction
(Ray Burst Sampling Algorithm (Rodriguez et al., 2006.) is used for

automatic extraction) - J
Precise and speedy extraction using semi-auto mode I
I 56T Shorting of
Auto B % extraction time
Auto extraction by I o¢ 4 F
extractlon limiting are RE
i w2 F
I
' 0

manual semi-auto

NBEY1N:SIGEN: https://invbrain.neuroinf.jp/modules/newdb2/detail.php?id=68
KNEWRITE: https://github.com/sc4brain/knewrite

Ikeno et al. (2012) Computational Intelligence and Neuroscience



1. Cable equation
Voltage propagation of a neuron as a equivalent circuit

Position Diam

N/

Node,, 1 (¥y0, dy0)

Node, ,

Extracted

Neuron

Node,,

Node, ,
/\ S—

Cylinder approximation

2. Hodgkin-Huxley type equation

Na*" and K™ channel models in each compartment.
av

Ce gz -8, (V—E;) _8Nam3k[V_ENa) —gxn*(V—EK) +1
am
=@ (V){1-m)- A, (V)
=G (V)(1-h- 4(V)h
an

= a(V)(1-n)- 4 (V)

V : Membrane potential, C : Membrane capacitance

Znas Exo 81 © Na, K, leak conductance

Ey.» Ex, Ei : Na, K, leak equilibrium potential

m, h : activation/inactivation gate probability of Na channel

n : activation gate probability of K channel, a, B : transition speed of gate

W
4 N . . . ..
3. Synapses Simulation of a single cell activity
Cell A Cell B
R
IﬂfoSpike
al’l'on

When a compartment including pre-synapse detects voltage

exceeding threshold, it transmits a spike information using MPI.
\. J \\ V.
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Single Cell (4,000 compartments)
300FLOP x 4,000comp—0.025msec = 50GFLOPS

Calculation Number of Time step
cost of each compartments
compartment  in each cell

S IAOF: 42l
EHOHE
ERRERE
TERIOES (RIEIZE)

sl

RIBEROIEHDU7 IV LNBDEE M

Total number of neurons in odor-processing
| pathways of the silkmoth brain (10,000 cells)

50GFLOPS/cell x 10,000cells = SO0TFLOPS

BRI T OB LMEERDIE

Namiki et al. (2014) Nature Commu.
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3889 comps.

Conditions

compartments/cell | 3,889
number of cells N
synapses/cell 50

Time step [msec] 0.025

p of WS model 0.2

Spike Rate [Hz/cell] 20

Watts and Strogatz model

SIMD

Tuning with
compiler options

+ SIMDization

+ change structure
of array

+ Cache Optimize

+ other area
tuning

500

1000 1500 2000
MFLOPS/core

r

Calculation time for simulate “1 sec” [sec]

1000 -

2= L2 )T

//
/l
/
/

Strong scaling

—C—786752 cells without split

| ——196688 cells without split

| —0—10368 cells with split

O R
=SS
H \1\
| Ll L | Td
|Real-time | ‘ | ‘ ‘ ‘
10000 100000 1000000

Number of CPU cores

19240882 — 49 INEURONJ (www.neuron.yale.edu) ~X—X|C, SIMD{EX2

MP1/OpenMP Hybrid{bxgitidER@IFDSRIEZMELZ INEURON_K+] ZIBEU .




BN #1056
3889 comps.

Conditions
compartments/cell | 3,889
number of cells N

synapses/cell 50

Time step [msec] 0.025

p of WS model 0.2

Spike Rate [Hz/cell] 20

Watts and Strogatz model

e 4 -
S D - [ = ‘§ 4 2| 1 )77 NI~ —_—
. . Strong scaling
Single core performance (N = 256) 1000 - s :
Tuning with 3 I
compiler options < N
&) e
@ -~ >
+ SIMDization < e e e
o e
+ change structure 3 REEN ]
of array £ || \ | [
. : I
+ Cache Optimize 2 10 : i :-;-3--‘\_ ————————| —0—786752 cells without split
i =  —[——— Ti’:’ e f-’ ——| ——196688 cells without split
+ other area o [ \\ [ ) )
] = [l | | —0—10368 cells with split
tuning % , Ll | T~a
S |Real-time | ‘ | ‘ ‘ ‘
e 200 M FII?OO(F)’S Jecite L 3 10000 100000 1000000
\ \ Number of CPU cores

FA—Z2D DFER, BIMERETIS, 1,660 MFLOPS (E3h%hZ4910%) ,

iU EEE T, 663,552CPUD 7 {EREFIC 286 TFLOPS (511 p = 0.9999989) ZZELUTE.




—a-0YhoiE0Es (k) OEDR

No. of Mapped Neurons
2 Group I DNs

6 Group II DNs

20 Bilateral Neurons

10 Local Interneurons
Total: 40 neurons

Miyamoto et al. unpublished data
Ikeno et al. (2012) Computational Intelligence and Neuroscience
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Light stimulation triggers pheromone
orientation behavior in ChR2
expressing transgenic silkmoths

Transgenic Silkmoth

' I )
Single Pulse of Light stimulation:

470nm, 1.19 mW/mm?2, duration: 5msec

Sakurai et al. (2011) PLoS Genetics
Tabuchi et al. (2013) PNAS
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